At the outset
The conservation of biological diversity is one of the greatest challenges facing humanity today. 1, 2 Addressing this challenge must inevitably involve the maintenance of the composition, structure and functioning of multi-species ecosystems. [2] [3] [4] While preventing the loss of particular species is an obvious strategy, a second goal might be to manage for local species diversity and the heterogeneity of habitats. 5 A further objective may be the restoration of damaged ecosystems. 6 Large herbivore assemblages form an important component of many diverse ecosystems and are of distinct ecological, and hence conservation, value. [7] [8] [9] On the other hand, herbivores managed at unnaturally high densities may drive detrimental changes in the structural heterogeneity of habitats. [10] [11] [12] Thus, decision-makers are faced with the challenge of balancing the needs of populations of large herbivores with the preservation of vegetation and ecosystem diversity. 9 In light of these considerations, conclusions as to whether large herbivores are 'good' or 'bad' for biological diversity are both contentious and elusive. Nonetheless, we seek to explore this question with particular reference to African savannah elephants (Loxodonta africana). We discuss whether or not the elephant should be considered a biodiversity thief -a species that upsets the natural diversity of life in the habitat in which it lives.
The African elephant has been driven to local extinction over much of its former range, with hunting for meat and ivory and the conversion of elephant habitat to agriculture constituting the major drivers. 5 Given the historical decline in elephant numbers, the conservation of this species appears to be a sensible objective. 9, 13 However, the protection afforded to elephants in confined (usually fenced) reserves across Africa has distinct implications for the management of local species diversity and the heterogeneity of habitats. 14, 15 Elephants have been shown to have clear impacts on the structure of vegetation, particularly in woodland habitats 12, 16, 17 , and these changes may have knock-on effects for sympatric species 10, 18, 19 . The effects of elephants on biological diversity in protected areas are of particular concern in light of how expansion in human populations, and the land-use change that follows, places increasing pressure on reserves to preserve biological diversity. 9, 10 Change within ecosystems is natural and inevitable and large herbivores have been living in an ever-changing environment for millions of years. 20 Changes brought on by elephants, therefore, should not automatically be categorised as undesirable, and short-term changes may be part of an overarching trend of long-term stability. 8, 21 Furthermore, current elephant impacts can only be adequately assessed in the light of historical (on the scale of centuries) benchmarks, for which accurate information is notoriously scant. 10, 21 The current impacts of elephant populations on vegetation dynamics in some regions may in fact represent a shift towards a more natural historical state. 8, 21 Finally, much of the detrimental impacts of elephants on habitat structure and diversity, particularly at smaller scales, has resulted from human interventions (such as the erection of fences and the establishment of artificial water points) that have unnaturally confined elephants to localised areas, disrupted seasonal movements and disturbed the natural dynamics of population processes.
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The context of historical change
The demonstrated changes in woodland and riparian forest habitats in northern Botswana, supposedly driven by an expanding elephant population, have raised a considerable amount of concern amongst ecologists in recent years. 17, [23] [24] [25] Seminal research in northern Botswana's Chobe river ecosystem, while clearly validating elephant-mediated vegetation changes, nevertheless questions the interpretation of these changes as undesirable. 8 The authors argue that the current state of the ecosystem could perhaps be likened to the situation before the historical decline in elephant and other herbivore numbers following excessive hunting for ivory (1800s) and the rinderpest pandemic (c. 1897). 8 If current impacts, however conspicuous, are simply shifting the system back to its former state, then there is no need for concern. Moreover, Owen-Smith et al. 26 stress that in Kruger National Park (KNP), the historical state of vegetation assumed its form in the absence of elephants and other large herbivores (following hunting) and hence changes in vegetation with the recovery of large herbivores are inevitable and not necessarily detrimental. Furthermore, it is difficult to disentangle the relative contribution of fire and elephants to contemporary vegetation change in KNP. 26 Records of past elephant numbers and movement patterns, together with data on historical vegetation structure and composition are essential benchmarks against which contemporary change can be measured. 8 Unfortunately, retracing the history of natural systems is often speculative and records from the 18th and 19th centuries lack any real detail: they consist of the writings of early hunters, archaeological faunal remains and rock paintings. 8, 10, 27 The role of elephants in habitat change Vegetation structure and composition forms an integral component of ecological diversity and, sensu stricto, negative effects of elephants on vegetation may therefore be seen as bad for biological diversity. 3, 9 Of all habitat types, the impact of elephants on woodland is most obvious and forms the basis of much emotive debate. 12, 13, 16, 17 In KNP (South Africa), Asner and Levick 12 showed that elephants were the primary agents of treefall and that rates of treefall averaged six times greater in areas accessible to elephants than in exclosures. In Tanzania's Ruaha National Park, elephants were implicated in the death of 37% and 67% of measured Acacia albidia and Commiphora ugogensis trees, respectively. 16 In the Miombo woodlands of Zimbabwe, the density and cover of trees were significantly lower in elephant-impacted woodlands than in adjacent intact woodland. 10 In Amboseli National Park in Kenya, a long-term series of exclusion experiments showed that elephants alone are preventing the regeneration of woodlands. 11 A similar study in northern Botswana showed that elephants play an important role in reducing the extent of tree cover. 17 In South Africa's Tembe Elephant Park, elephants had a clear influence 28 There may have been introduced bias in that the majority of the most cited papers report on negative impacts and the continual citation of these in the literature may have led to an overestimation of impacts. 28 Impact was most intense in areas of high elephant density, in arid savannahs and in regions in which elephants were confined by fences. 28 The analysis highlighted the difficulty of disentangling the relative contributions of climate, fire, drought, soil characteristics and herbivores to the woodland loss recorded in many of the studies -a challenge that has been emphasised elsewhere. 8, 11, 17 While the damaging effects on trees are clear, elephant browsing often facilitates the establishment and spread of the shrubby and herbaceous vegetation that replaces woodland, facilitating, in turn, the biological communities associated with these alternative vegetation types. 
The implications for biological diversity
With the effect of elephants on vegetation clearly demonstrated, what are the implications for biological diversity in general? One must evaluate the effects of elephant presence within the context of the role that large herbivores play in savannah systems. The absence of elephants and other large herbivores disrupts savannah ecosystems and may lead to bush encroachment and trophic cascades. 7, 29 Given the role played by ungulates in ecosystem functioning, most notably through top-down forcing, their extirpation from an area will lead to cascading effects. 7, 29 Many studies investigating the impacts of elephants on vegetation point to the implications for biological diversity in general, but few experimentally test this assertion. 11, 16, 17 Greater woody plant structural diversity in the absence of elephants may or may not enhance the habitat available for a wide variety of other organisms beyond herbivores. 10, 12 In Zimbabwe's Miombo woodlands, Cumming et al. 10 recorded significantly lower abundances of ants and birds in elephant-impacted woodlands compared to adjacent intact woodland. Across 30 sampling sites in the same region, Fenton et al. 19 recorded significantly lower micro-bat species richness, abundance and activity at elephant-impacted sites versus intact sites. In Amboseli National Park (Kenya), structural changes in vegetation, driven primarily by elephants, have purportedly resulted in the extirpation of both lesser kudu (Tragelaphus imberbis) and bushbuck (Tragelaphus scriptus) from the region. 18 After 5 years of research into the ecosystem-level effects of elephants in northern Botswana, Skarpe et al. 8 concluded that they had found no ecological reason to control elephant numbers. Their results suggested neutral or even positive effects of elephant presence on other species, including small mammals and ungulates. 8 Elephant impacts were shown to increase the availability of those shrub species commonly browsed by sympatric ungulate species and the distribution of half of these species exhibited a positive correlation with elephant impact. 8 Despite an expanding elephant population, increases in both buffalo (Syncerus caffer) and impala (Aepyceros melampus) numbers were recorded during the study. 8 In Addo Elephant National Park, South Africa, the reintroduction of apex predators (lions, Panthera leo and spotted hyaenas, Crocuta crocuta) led to the decline of small ungulate prey in an area of the park where elephant densities were high, but no such declines were recorded in an area characterised by a long history of elephant absence. 30 The authors suggested that the denser thicket of the elephant-free area provided refuge for small prey from predation by the reintroduced apex carnivores, while the fragmented thicket of the elephant-impacted area facilitated the impact of these predators on small ungulate prey. 30 
The role of human intervention
Fences and artificial water points alter elephant movements, thereby increasing the localised impact on vegetation. 22, 31 Artificial water points allow greater dry season ranging, resulting in elephants being able to exploit areas they would not usually have access to during the dry season and reducing spatial refuges for vulnerable plant species. 22, 31, 32 Given that elephants are more faithful to dry season than wet season ranges, the dry season presence would have a more consistent impact on the landscape than would the nomadic wet season footprint. 31 Fences act as barriers to elephant movements, leading to the restriction of wet season ranges. 22, 31 In addition, fences cause elephants to visit the same areas more often in the wet season, 'bunching up' against fences and causing localised vegetation impacts. 31 In combination, fences and artificial water points reduce the difference between the wet and dry season ranges of elephants and lead to vegetation impacts at a localised scale that would be avoided if elephants ranged naturally and freely.
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Conclusions
Many studies have focused on the short-term elephant impacts on a limited number of plant species, with weak potential for inference about higher-scale vegetation change which is likely modulated by other factors such as rainfall and fires. Also, change may wrongly be interpreted as undesirable when in fact it is natural. Finally, the impact of human interventions in mediating elephant impacts has to be emphasised and explored more extensively. Beyond these considerations, it is important to appreciate the integral role that elephants play in regulating savannah dynamics and to be reminded of the fact that the decline in large herbivores across the globe in recent years poses a significant threat to ecosystem integrity.
So, are elephants good or bad for biological diversity? A sweeping and simple answer to this question is elusive, in part because of the lack of research that explicitly seeks to answer it. While there is no question that elephants have driven extensive vegetation change in some areas, the consequences of these changes for community-wide biological diversity remain somewhat unclear. Whilst scientists may perceive elephants to be biodiversity thieves, this view appears to be based primarily on intuition, rather than on hard science. We found little compelling evidence for adverse effects of elephants on biological diversity.
We recommend that more rigorous and longer-term (5-15 years) experiments, designed specifically to test the impacts of elephants on biodiversity, be the focus of future research. Studies that compare a variety of robust indices of community-level biological diversity between elephant-impacted and control areas across multiple sites and over broad spatial scales are necessary before any concrete patterns become evident. Until then, conservationists will do well not to cry elephant.
